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inveatton reU« K. appttc«ion of «combina« DNA «ch»«l<«y » pla«s. 
spedftally for the purpose of achievins male steiiliflr. 

,,,,4^ is ,„ impomn. poctice in n«»U>m agricul^ D»e to fte 
testation of he.e»>sis or hybrid vigour the offering « «?e,ior to the pt«ot» 
ta such key agronomic character, as yield and <iisea« reastnnce. Further, »here 
,0 «„parentsareextensivelyhomozygo«..heresulflngo»p.ingar.geneticanyv^ 

^fonn and therefore the crop behaves in an equally uniform » 
important characterisdcs as germination time, height of gro«*. suscq«b.ht, to 
disease, flowering time, seed ripemng time etc, which grealy improves the 
rfBcie.cyofcn,pmanaEement. For these reas^ts hybrid seed is attractiv. to the 
15 farmer and therefore sells at a premium. 

in nab«e, the reproductive organs of many plant species are arranged in a mann« 
that gready favours self-fcrtilisadon and consequenfly the production of non-hybrrf 
offspring. Therefore, in order to produce hybrid se«l ft=e ftom contaminado. 
20 with selfed seed, cross-fertilisation is cani«l out using a variety of mechamcal, 
chemical and genetic methods Uat prevent self-pollination. 

An important mechanical method for hybrid seed production is available for Zea 
rum. in dns species, the male and female r^uctive organs are loca.«l on 
25 different parts of dte same plant, which bdlitates emaseutation by a process 
taK,wn as detasseling - removal of d« anthen,. However, *e r^roducttve organs 
of most other major crops are not so eonv«»ena, arranged making emaseuhmon 
a very Ubour-inteosive operation; as a consequent, hybrid seed produced by this 
method is very expensive. 
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pone, poducdon. However, .uch cheaicls » u«^y «cpe.- 
; pardoJarly .0 oops wi* 3n i^ie^nnina^ fl^^ 

L a bioehe^cal b,oc. p«ven,s setf-p— by i«.e*™. 
;Lg«nd»ao„orPo«»'"^^- However. such sys^msareco^pU^^d 
CtLd-y of selMnco^padble fcn».e B«,. pn^adon 
C«imIoi.yot,he«.H.=o™pa«i.. '""■"-"••^^^""'^ 
S^ea.beeasedbyc^.»PP-ionofd,esel^ineo™^^«^^ 
L^poiUnadonofin,™n.«bud«(-budpoUi.«d»-)b.fo«acbva.o.ofO^ 

Lbe.^bloe.»se,f-pom„a.o». However. ^ressibte «.f-in=ompa*a>^ 
L of^ vuMerable .o c.^.c .«ss whicb reduce, «.e ^ccuven- o 

!,„ in-poran. crop genus Br^ica pn>vides a good ^^-"J^ 

Mftough «lM.co„pa*m.y « widespread in Brasslc spp. *e system « 
fen^ie a— very difficuU u, propagate and fl« sei,.u«n.pa.rb^.y 
is prone to breakdown under stressful dinuitic conditions. 

In agriculunal tenns, .he most important natural mechanic en,*.yed to p«vn« 
se„.p„fflnationisso<all^m=lestetili.y. Male steriUt, usually re^ts from t^ 
^estati™ of certain mutattons earned in the nudear or organdy 
(cbloropbsdc and nntochondrial) genomes that result in the degenetauon of the 
Lers„rpollenprior,odeMscence(releaseof,«,nen,. ^"^^ 
«^ are therefore female only, and any seed produced by P"-^"^ 
the product of cross-polUnaUon from a male fertile plant. Currendy. ^ ^ 
bamer te .he widespread availability of hybrid se«i is ^ absence of effecbve 
male-Sterility. 
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™«A«t oflsolnpe ami sunflower. Kto, h.«> flaws su* « the breaW wn 

Lv«y of n^le ^elle p.3«. In <^ breeding populaion- The a«e.opa«n. o^ 

Te^ve n«.e surlU. .s»n won. »nove 

nnp»ae«hle event nnd give more c»»..» .be Pl». breeder. V.v<^ 

invention relates to such a development 

Thep^noter is««. region ofagene Which regnlates itse^n, to»»P|. 
hvs^g««toeor location ote:^. Pron,«ers can be sepan^l .™n 
iC^Un Of a gene and ^ to drive a dl«^. cod.. ^ - 

• „f o Hiffprent oroduct. A promoter can m principle be 
allowing the expression of a different proauci. v . , ^ :« th*. 

^ „ n-ale steriUty if U Is specific to the ceBs/.is»e evolved « ^ 
pn^udon 0, n»le gametes. Ue ta^n, is a specialised ceH la^ w...^ 
that plays a crucial role in the supply of nutrients to the de^ 
nac^spores. Mal^ncdon o, the tapetum is .he cause of man, types of nanual 

male sterility. 

According to lP.A-0329308 (Paladin Hybrids Inc). n>any of the difficulties 

r^tJ With natu^^ased n^le-sterlUty and sexual 

can be„v^n.ebyaproposed-,rdfidal-n.ale.ste„l.., system. ^"^^^^^ 

^^veralpossihlevaHantsofthesysten,. ^^"^''^^'^ 

. a chimeric gene consisting o, a microspore- ^^^^^ 
^DNA. Microsporesarelmmamrepoaengralns. -fbemiPO^an.^ 
o, mlsterili., DNA is that its expression is deigned to cause dte t«mm«.™ f 
microspore development, b, interfering with processes unique or «se.t»l to^ 
Lie promote is micrcspor^specmc. ^ mal^sterillty DNA ,s tta^b^ 
in„ RNA only in the microspores. T1» application describes several types of 
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„ p„««BS with a l^. bu. e«««i.l. cdl and tubuta); 

and the (^totojte pioteiiis Wcin A and diphllwia toJiii. 

5 However^esys^m as described asp^rsBl^ve a serious d^wtadc, in tot 

,eacl»ng of EP-A-0329308 would not piodnce plants which ate necessanly male- 
sterile plants. Since the action of the odcrospote.q«=ificp.omoterdescnbed,n 
tte invention occun post-meiosis, segttgation of the n»le sterility DNA in the 
nnctospoHX=,tes of plants heterozygous for «,e facto, would result in only half the 

10 pollen grains receiving the fector. 

A possible way to circumvent the segregation problem would be to genetale plants 
homozygous for dte sterility factor. However, propagation of such a plan, would 
have to proceed via asexual procKses since any poUinatioo would again return dte 
15 offspring to heterozygosity. This limits the application of the invention to pbnt 
species whem such propagation is commetciaHy.viable. It would therefore be 
desirable for male sterility DNA to be «p,«sed in the mother tissue then*y to 
affect all the pollen grains. 

EP-A-0344029 (Plant Genetic Systems (PGS)) also describes an artificial male 
sterility system for use in hybrid seed production. It is based on a chimenc gene 
consisting of an anther-specific promoter (from the gene designated TA29) i«,lated 
from Nicotiam tobacum and a male sterility DNA. In this case, the promoters are 
derived not from microspore-specific genes as in the Paladin system, but from 
genes expressed exclusively within the tapetum. Hence, the chimenc gene is 
designed to prevent microspore development and cause male-sterility by disruptmg 
or destroying the tapetum. 
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The most important difference between this approach and that of EP-A-0329308. 
is that the choice of a promoter which is active in a ceU-type not subject to 
meiosis, avoids the problems associated with genetic segregation. Destnict«m of 
the tapetum prevents the maturation of all microspores regardless of genetic make- 



up. 



AS part of the continuing endeavour to improve the means available to the plant 
geneticist for inducing male sterility in commercially important crops and other 
plants, the identification of further useful genes and associated promoters is 
actively sought. Among the commerciaUy most significant crops in the world 
today are included members of the family Bra^sicaceae, particularly Brasstca 
;uzp«s, commonly known as oil-seed rape. If tapetum-specificgenes and promos 

from members of the family Brassicaceae could be elucidated, plant breeders 
would have at their disposal powerful tools to use in the development of male 
sterile B. napus and other members of the Brassicaceae family. THere is an 
attraction in being able to keep heterologous DNA within the family or smaller 
taxonomic division, as unpredicted effects may be reduced or minimised. Further, 
transgenic members of the family Brassicaceae incorporating heterologous DNA 
from other members of the same family may weU be more acceptable from the 
regulatory point of view than Brassicaceae family members incorporating DNA 
from more remote sources. 



me present invention is. based on the discovery of novel and useful genes and 
promoters from the family Brassicaceae and relates to methods, genetic constructs 
25 and transgenic plants harnessing the discovery. 

According to a first aspect of the present invention, there is provided a 
recombinant or isolated DNA molecule comprising a promoter which naturally 
drives expression of a gene encoding an 11.6 or 12.9 kDa tapetum protein in 
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• „i-«f nmtein in anothtt member of the femily 
Arabidopsis ihaliana or an equivalent protem m anom 

Brassicaceae. 

U m specfflc^on. ^ gene enc^S ^ ^.91^ ^ » 

of gene o^^o^^^-^ 

of expresdon from the upeum-speciffc ptomoten desoweo 
LuL by such as sh*. o, -"^^f "»°»-^ 

aescn-h«i in one e.b<.i.e„. of EP-.-0329308. »« «^ ~ 
„ tacdon. so i. need have none of *e a«=»ian. w*. for exan^Ic 

indeterminate flowering habits. 
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^ temporal expression spans *e period in anfter ^^^^ 
microspoLy^s are in meioUc division «, early nrioospore .n»rphase. A9 gene 
n:l.r.pe.ai ceas. Bxp^ssi. of A, is iniria^. in an^J^-- 
meiocy^s and eon«„.es into anrhers U>a. con^in nucrospores «. eariy firs. 

^::^,.vvei,h.,uo«iahovearOp„».v.a„dderived,^*en™h^^ 
^0 adds hciieved » be present, as deduced ftom U» DNA sequence. 1^ .9 
H^aproteinencodedby d,e A3 geneof.. has US am»o ao^. th^^.l^ 

U,a protein encoded by .he A9 gene of «..//™. bas 107 anuno acds. « 
d-ereL be appreciated tiut the „ol»nar weights refer to the nn^lyco^ 
^ addition, U,e effect on any ^ post-transUtion^l processtng such as 
partial proteolysis is discounted. 

Although figures given above rente onl, to proteins of . — 

i„ .he ar. will readily be able to idendf, equivalent protons from other members 
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of the famUy Brassicaceae. For example, the equivalent A9 gene in Brassica 
napus encodes a putative protein of 96 amino adds in length having a calculated 
molecular weight of 10.3 kDa. Such equivalent genes may be identified by 
hybridisation studies, restriction fragment length polymorphism (RFLP) and other 
methods known in the art. Genes encoding closely equivalent proteins may for 
example hybridise under stringent conditions (such as at approximately 35oC to 
650C in a salt solution of approximately 0.9 molar) to the A. thaJiam A3 and A9 
genes, or fragments of them of. for example, 10, 20, 50 or 100 nucleotides. A 
15-20 nucleotide probe would be appropriate under many circumstances. 



The preferred A3 and A9 promoters described in this specification are from 
Arabidopsis thaliana and can be isolated by methods known in the art, for example 
by (a) synthesising cDNA from mRNA isolated from the stamens of the plant 
Brassica napus, (b) isolating this cDNA, (c) using this cDNA as a probe to 
15 identify regions of the plant genome oi Arabidopsis thdiam that encode stamen- 
specific mRNA and (d) identifying the upstream (5') regulatory regions that 
contain the promoter of this DNA. This procedure also demonstrates that probes 
based on, or derived from, the coding regions of a stamen-specific DNA ftom one 
species of plant may be used to isolate DNA sequences encoding stamen-specific 
20 mRNAs from other species. A3 and A9 promoters from other members of the 
famUy Brassicaceae, for example from B. napus itself, are also included within 
the scope of the invention, as are those which include non-essential variations from 
the natural sequences. 

25 Particularly preferred promoters are those upstream of the coding regions of the 
sequences shown in Figure 4 (for the A. thaliana A3 gene) and Figure 7 (for the 
A. thaliana A9 gene) as will subsequently be described in the examples. Those 
skiUed in the art will be able to identify with sufficient precision the promoters 
driving the coding regions and to isolate and/or recombine DNA containing them. 
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Promoter^ontaining DNA in accoidance with the invention can be used to confer 
male steriUty on plants, particularly those belonging to the family Brassicaceae, 
in a variety of ways as wiU be discussed below. In an important embodiment of 
the invention, therefore, a promoter as described above is operativdy linked to 
5 DNA which, when expressed, causes male sterility. 

Since an effective steriHty system is complete, propagation of the seed parent must 
proceed either by asexual means or via the pollination of the male-sterile by an 
isogenic male-fertile line, and the subsequent identification or selection of male 

10 sterile plants among the offspring. Where vegetative propagation is practical, the 
present invention forms a complete system for hybrid production. Where fertUity 
restoration is necessary to produce a seed crop, the present invention forms the 
ba^ of a new male sterility system. In some seed crops where the level of cross 
pollination is high, seed mixtures may enable restoration to be bypassed. THe 

15 male sterility will be particularly useful in crops where restoration of fertiHty is not 
required, such as in the vegetable Brassica spp.. and such other edible plants as 
lettuce, spinach, and onions. 

DNA in accordance with the invention and incorporating the A3 and/or A9 
20 promoter can drive male sterility DNA tiiereby producing male sterile plants, 
which can be used in hybrid production. THe promoters are highly tzpcXam 
specific and so die sterility DNA is only expressed in the tapetum. TTie control of 
expression is very strong and the DNA is not expressed in otiter cells of tiie plant. 
The system prevents the production of viable pollen grains. All transformed plants 
25 and their progeny are male sterile; tiiere is no problem with mdotic segregation. 

A construct comprising a promoter operatively linked to a male sterility DNA can 
be transformed into plants (particularly tiiose of tiie genus Brassica, but also other 
genera such as Nicotiana and Hordeum) by methods which may be well known m 
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themselves. Hiis txansfoonadon n^sults in the production of plants, the cdls of 
which contain a foreign chimeric DNA sequence composed of the promoter and 
a male steriHty DNA. Male-steriUty DNA encodes an RNA. protein or polypeptide 
which, when produced orover-producedinastamenceUoftheplant. prevents the 

normal development of the stamen ceU. 

T,, tapetum specific promoters may be used to drive a variety of male sterility 
DNA sequences which code for RNAs proteins or polypeptides which bring about 
the failure of mechanisms to produce viable male gametes. THe invention is not 
Umited by the sequence driven, but a number of cbsses and particular examples 
of male sterility promoter-drivable sequences are preferred. 

For example, the drivable male sterility DNA may encode a lytic enzyme. The 
lytic enzyme may cause lysis of one or more biologically important molecules, 
such as macromolecules including nucleic acid, protein (or glycoprotem), 
carbohydrate and in some circumstances Upid. ■ - 

Ribonuclease (such as RNase Tl) and bamase are examples of enzymes which 
cause lysis of RNA. Examples of enzymes which ly« DNA include exonucleases 
and endonucleases. whether site-specific such as Eco^ or non-site-specific. 
Glucanase is an example of an enzyme which causes lysis of a carbohydrate. Hie 
enzyme glucanase is naturally produced in antiiers where it functions to release the 
young microspores fromaprotectivecoat of poly-glucanlaid down before meiosis. 

m appearance of the enzyme activity is developmentally regulated to comcide 
with the correct stage of microspore development. One important attraction of 
glucanase as a potential sterility DNA is that plants are found in nature that are 
male-sterile due to mutations cauMng mistiming of glucanase expression and the 
destruction of ti.e microspores. Two types are recognised depending on whetiier 
the appearance of glucanase activity is premature or late. The expression of many 
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wimracs«" i~ „«f,aliicanase is unlikely to produce sterility 

^. Since U« expres.™ of a ^'^^ ^ ^ 

1 G«« 41 104-108 (1971)) Eluo»a««pr«s.o««.thm the anther 

compleuon of m»«,s. ^eomitanUy 

15 ''''»^P'^'^'**'^*'"'"^^tIl«l««oftheyoung« T»« 
Mth the breakdown of the tetrads and tta „ ^ 

^pattern of glucanaseacuvtty found n, the 

^sible for the dcstrucUon of the n,icrospor«> and n»le sterJtty. T« ^ 

,0 apro^^ercapahleof dtiving 

between prophase of meiosis and the appearance or m 

^ Zon,o«r. di^msed ahove are therefor, wen suited to dnve thts gen. 

AJanoAjpiuiu ,™,_„ttr is also advantageous since 

A,apetun,-speemc(oratl=asta„ther-speafic)pr»n.oter.salsoM. 

^ «1 Liucans are found elsewhere within phnts, for exantpte - pMo- 
dements, where they presumably perform essendal functions. 

Xhe spatial regulation of U,e enzyme should also ensure access to the tar^ 
LLn in«. the .ocular space is ensured by th. prov^ron m a p..f«red 
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embodiment, of a suitable signal sequence in a translational fusion with the 
glucanase coding sequence. 

DNA encoding glucanase is advantageous as male sterility DNA, as it has no 
product which is cytotoxic outside the target ceU. Glucanase as a male sterility 
DNA mimics natural systems and is inherently less destructive than for example 
ribonuclease, and so does not present such a problem if the promoter is slighfly 
active in certain conditions in other cell types. 

Actinidin is an example of a protease, DNA coding for which can be suitable male 
steriUty DNA. Other examples include papain zymogen and papain active proton. 

Lipases whose corresponding nucleic acids may be useful as male sterility DNAs 
include phospholipase A2. 



Male SteriUty DNA does not have to encode a lytic enzyme. Other examples of 
male sterility DNA encode enzymes which catalyse the synthesis of 
phytohormones, such as isopentyl transferase, which is involved in cytokinin 
synthesis, and one or more of the enzymes involved in the synthesis of auxin. 
20 DNA coding for a Upoxygenase or other enzymes having a deleterious effect may 
also be used. 

Other male steriUty DNAs include antisense sequences. Introducing the coding 
region of a gene in the reverse orientation to that found in nature can result in the 
25 down-regulation of the gene and hence the production of less or none of the gene 
product, nie RNA transcribed from antisense DNA is oqMible of binding to, and 
destroying the function of. a sense RNA version of the sequence normally found 
in the cell thereby disrupting function. Examples of such anti-sense DNAs are the 
anti-sense DNAs of the A3 and A9 genes which may be produced in the antiier 
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™^ con»,l of A3 and A9 p«.™o«r. 
function and result in male steriUty. 

^ s»» .^scripaon p™.u« is bans produce.. ^^^^ " 
™^ btad When iu coa^l«««»y «™d. »d » wUl »ly » 
L^«w>,«,U>. s.seBNA«»»crib«i. A«ti««e DNA «»«P«^ 
„ so« or 3U of DNA encodtog U« A3 o, A9 gen. p«rf»«s my fterefo« b. 
.0 producednotoMywhUe,heA3andA9g»«a.bd.g«pr««i. S«*»«^ 
DNA n«y be e:cpres«d constimdvdy. »der tte conttd of any appropnale 
promoter. 

Aoco^g u. a ft.«her aspe« of *e invention. d».fo«, <^ ^ ^ 
« anfisense nucleic acid which includes a ttanscribable sBand of 
comple-nenlaiy u, at leas. par. of *e s«.nd of DNA Uu. is nab^aUy 
inagcne encoding an U.6or 12.9 kDaUpenn, p™»inin^^i-r 

or an aiuivalen. prottin in anote member of the &mUy Bm«fc«^. 

20 MtisenseDNAinaccordancewiththisaspectofU^inventionnuybe^^^U* 
^1 „, any suitable promoter »bich p«mits transcription durmg, but 
.ecessaray only during, tapetum development. As indicated abov^ thep^mo.^ 
mny therefore be constotive. but the use of tapetum-spedfic promoters such as 
A3 and A9 as described above in relation to the first aspect of «,e invenu™ « 

j5 certainly no. excluded and may be preferred for even greater conttol. 

„ DNA would generauy be useful in c»tferri„E »» 
of the family Brassicaceae. 
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a nbozym.) capable of Mghly cleavage agai.«. a 

5 Zlb,LA3orA9,e.e,doe..o.>«veU..«exp«»ea«a,a.«»«™eo, 
^ 0, U« A3 and A9 s.ne». Ag* i, »ay be po»ib.. U, »y 

ad^ted for constitutive expression. 

,0 Acco*g»af"*erasp=c.o,U,ei»v»don>ereis«««fo«pro^ 

^ganl»^n,ecapab.eofspecmcc..»ageofRNA««dedb,.gene 

e„^i„I a. U.6 or 12.9 IcDa upe^m pro^ in /.r««*P* '»»«^« » 
e,„iv,le„. pn,«in to a.o*er .e.ber of U« finul, Br«*«ceae Such nbo^ 
lain, DNA would generally be useful in conferring nale sterrlr., on n«n*ers 

15 of the family Brassicaceae. 

U preferred embodiment of DNA s«,uence. of *is taventton. including ftose 

eolprising *e A3/A, promo^r-male s^rlli., DNA con»u«. 3' »^ 
^„nsignal.,i..ludingapoIyadenylad™. signal, may beprovrd^-Pre^ 

30 3 ^scipdon re^ladon signals are derived ftom d« Caufflower MosaK 

35S gene. I. should be recognised ma, o««r 3' UanscdpSon regulahon srgnals 

could also be used. 

T^eanUsensenucleicaddandribo^m^ncodingnucleicaciddescribedabovea^^ 
J5 ^mples of a more general principle: according » »oU«r aspec, of * 
invendon. mere is provided DNA which causes (for example on i« expre--) 
selecdve disrupdon of *e proper e^on of die A3 a»l A9 genes. 
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R^rtinan. DNA in accordance wi* i»v»ao» l» i« «« ft" of' 

^Uy incndc one or »ore enable se>««>n o, c^ 

^ thft terms are used interchangeably in this 
tiansfected (or transformed: the terms are i»~ , ^ . 

Jporadn,>.e.ro.o,ousDNA. A^rop.ia»««»^-1-^ 

UJtregnl^o-y se,ue„ces „dnve expre^ion win be pre^m however. DKA 
Lloraanl wiU, *e invendon wiU seneraUy be expre^ed in p^. ^, » 
Xobial hos. expression would no. be an„». *e prin^ c^,ecbves of^ 
rvento.,a.aongKitisno.rnledou..Vec»rsno.i«clndingre^U»y«,ue«es 

are useful as cloning vectors. 

CW.^ vecu-rs can be inrrodnced in» E. coU or anod«r s^uble ^ w^ 
^ ^ n^puuaon. According » anoU,er aspect of *e mvenbon, *«e 
^„repravidedahos.ceU^f^.^crbans,or.cdwi«.PNAasdescnbed 

above. 

DNAin accordance wiflrteinvendoacanbeprepared by a»y convenient n»tod 
"XTupling tosedter successive nudeoddcs, and/or Ugadng oUgo- 

JeoddL, including in ^ processes, but recon,bina«t KNA .ecbnoiogy 
forms the method of choice. 

„, PNA in accordance with the invendon (wbetber 0) A3/^^ 

plus n^ steriUt, ge». ® ands»se DNA to A3/A9 gene or "^o^ 
Lge.ed,oA3/A9BNA)wiUbeint,oducedintopla„.cel.s,byan,»tabie™^ 

^Lding u. a further aspect of the invendon. there is provtded a plan, 
including DNA in accordance with the invention as described above. 
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Preferably, DNA is transformed into plant ceUs using a disarmed Ti-plasmid vector 
and carried by Agrobacterium by procedures known in the art. for example as 
described in EP-A-0116718 and EP-A-0270822. Alternatively, the foreign DNA 
could be introduced directly into plant ceUs using an electrical discharge sqjparatus. 
This method is preferred where Agmbacterium is ineffective, for example where 
the recipient plant is monocotyledonous. Any other method that provides for the 
stable incorporation of the DNA within the nuclear DNA of any plant ceU of any 
species would also be suitable. This includes species of plant which are not 
currently capable of genetic transformation. 



Preferably DNA in accordance with the invention also contains a second chimeric 
gene (a "marker" gene) that enables a transformed plant containing the foreign 
DNA to be easily distinguished from other plants that do not contain the fordgn 
DNA. Examples of such a marker gene include antibiotic resistance (Herrera- 
15 Estrella et al, 1983), herbicide resistance (EP-A-0242246) and glucuronidase 
(GUS) expression (EP-A-0344029). Expression of: the marker gene is preferably 
controUed by a second promoter which allows expression in cells other than the 
tapcmm, thus allowing selection of cells or tissue containing the marker at any 
stage of regeneration of the plant. The preferred second promoter is derived from 
20 the gene which encodes the 35S subunit of CauUflower Mosaic Virus (CaMV) coat 
protein. However any other suitable second promoter could be used. 

A whole plant can be regenerated from a single transformed plant cell, and the 
invention therefore provides transgenic plants (or parts of them, such as 
25 propagating material) including DNA in accordance with the invention as described 
above. The regeneration can proceed by known methods. When the transformed 
plant flowers it can be seen to be male sterile by the inability to produce viable 
pollen. Where pollen is produced it can be confirmed to be non-viable by the 
inability to effect seed set on a recipient plant. 
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n»e invention wiU now be iUustrated by the foUowing Examples. TTie foUowing 
restriction enzyme and other abbreviations arc used: 

A. Acd; B. Bamm; Bg, Bgia; C, Ctol; H. HincU; Hd. ffindni; K. IQ)hl; 
M, Mul; N, Notl; Nc, Ncol; Nr, Nml; P. PstI; R, lerfll; W, EcdBI; RV, 
&ORV; S, tol; Sa. SdL; Sp, ^pW; Sm, SmaL; Ss, Sn, SixcH; X, 
Siol; Xb, X&al. 

ORF = open reading frame 

The Examples refer to the accompanying drawings, in which: 

HGURE 1 shows the DNA sequence of the B. napus cDNA A3 together with the 
deduced protein sequence of the ORF contained in A3; 

FIGURE 2a shows a comparison of the DNA sequences of the B. napus cDNAs 
E3 and E3 with the^. thaliam A3 gene. The underUned trinucleotides indicate the 
end of the ORF encoded by each sequence; 

20 HGURE 2b shows a comparison of the putative polypeptides encoded by B. 
napus cDNAs E3 and E5 with that encoded by the A. thdiana A3 gene; 

HGURE 3 shows a restriction enzyme map of the A. thaliam genomic clone 
G3.6. Only relevant sites are shown and these may not be unique in G3.6. The 
25 position of the coding region of A3 is indicated as a filled box. Also the extent of 
inserts cloned into the plasmids pRS5 and 15 is shown; 

HGURE 4 shows the DNA sequence and putative primary structure of the A. 
thaliana A3 gene. The underlined sequence is conforms to a TATA box motif; 
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HGURE 5 shows the DNA sequence of the B. napus cDNA A9 and the putative 
primary structure of the ORF contained in the cDNA; 

HGURE 6 shows a restriction map of the A. thediana genomic clone G9.1. The 
position of the A9 coding region is shown as a filled box and the extent of inserts 
in the plasmids pWP39, 55 and 64 is indicated; 

nOUEE 7 shows the DNA sequence and putative primary structure of the A. 
thdiam A9 gene. The underlined sequence is conforms to a TATA box motif; 

nOURE 8a shows the DNA sequence homology between the B. napus A9 cDNA 
and the A. thaliana A9 gene. Underlined nucleotides indicate the position of stop 
codons for the ORFs contained in these sequences; 

15 HGORE 8b shows the homology between the putative products encoded by the 
B. napus A9 cDNA and the A. thaliana A9 gene; 

HGURE 9 shows the construction of a chimeric gene contaifiing a transcriptional 
fusion between the A3 promoter and an E. coli gene encoding ^-glucuronidase; 

20 

HGURE 10 shows the construction of chimeric genes containing transcriptional 
fusions between the A9 promoter and an E. coli gene encoding ^-glucuronidase; 

FIGURE 11 shows j8-glucuronidase activity in anthers of A9-GUS transformed 
25 tobacco plants; 

HGURE 12 shows the construction of intermediate cloning vectors used in the 
production of chimeric genes that express sense and anti-sense RNA from the A3 
and A9 promoters in transgenic plants. 
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FIGURES 13a and 13b show the construction of chimeric genes between the A3 
and A9 promoters and the RNAse bamase; and 

FIGURES 14a and 14b show the construction of chimMic genes between the A3 
5 and A9 promoters and a K tabacum 0-i,3 glucanase gene which lacks a C- 
terminal extension. Figure 14a lUustrates the prqaration of transcriptional fusion 
constructs and Figure 14b iUustrates the prqwration of translational fusion 
constructs. 

10 In the Examples, unless stated otherwise, all procedures for making and 
manipulating recombinant DNA were carried out using standard procedures 
described in Maniatis et al. Molecular Cloning: A Laboratory Manual, Cold 
Spring Harbor Laboratory, 1982. 

15 FXi^MFT^-^ 

F ^ ygffipli. 1 Isolation of the anther-specific genes A9 and A3 from Arabidopds 
thaliana 

20 Anther-specific cDNAs were isolated by differential screening of Brassica napus 
cDNA Ubraries constructed from RNA extracted from dissected anthers, as 
described below. cDNA clones A3 and A9 were isolated from a library constructed 
from anthers that were 1.4-1.8 mm in length. This Ubrary was constructed in the 
vector Lambda Zap (Stratagene). The A3 and A9 cDNAs were used as probes to 

25 isolate homologous genes from an A.thaliana genomic library constructed in the 
vector Lambda Dash (Stratagene). 
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Materials and methods 

Plant material. All seeding material for nucleic acid isolation was obtained from 
2-3 week old plants grown in a controlled environment growth cabinet with 18h 
photoperiod at 24oC. Seedling RNA for differential screening and Northern blot 
analysis was obtained from 5. napwotei/emvar "Topaz". Male fertile buds were 
collected ftom field grown plants of B. napus oleifera var. "lictor" (Nickersons 
Seeds, Cambridge, UK). Male-sterile buds were obtained from field grown B. 
napus var. CMS "Ogura" (Nickersons Seeds, Cambridge, UK) plants. 

Dissection of anthers. For cDNA Ubrary construction, flower spikes were quickly 
harvested and kept at 4oC until required, but no longer than 5h. Anthers were 
dissected from appropriately sized buds using fine forceps and immediately frozen 
in liquid nitrogen. 

Pollen isolation. Microspores were isolated from fresh buds of the appropriate 
length using the method of Choung and Beaversdorf {Plant Sci. 39 219-226 
(1985)), and frozen at -80oC prior to RNA isolation. (Pollen isolated from frozen 
buds yielded only highly degraded RNA). 

Collection of buds. Large samples of complete whork of buds, at a stage 
immediately prior to the opening of first flowers, were frozen in liquid nitrogen 
and stored at -80oC. 

25 Cytological staging of anthers and buds. The developmental stage of buds of 
predetermined length was assessed by light microscopic examination of 
sporogenous cells, microspores or pollen grains extruded from whole anthers 
squashed in the presence of aceto-orcein or acridine orange. Accurate 
determination of bud length was performed using a low-powered light microscope 
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equipped with a caUbrated eyepiece graticule. Bud lengths stated were measured 
from the base of the pedicle to the tip of the outerm st sepal. 

RNA isolation and analysis. Material intended for low resolution Northern dot blot 
5 analysis or for mRNA isolation was ground to a fine powder in a mortar cooled 
with liquid nitrogen. Total RNA was isolated firom the powder using a phenol 
based method as described previously (Draper et al., "Plant Cicnetic 
Transformation and Gene Expression: A Laboratory Manual", BlackweU Scientific 
PubKshers, Oxford (1988)). Poly(A)+ RNA was purified by two rounds of 
10 oUgo(dT)-cdlulose chromatography essentially as described in the Maniatis et al 
manual. RNA for high resolution dot blots was isolated according to the method 
of Verwoerd etal., Nuc. Acids Res. 17 2362 (1989)). 

cDNA library construction and screening. cDNAs were synthesised from 
15 poly(A)+ RNA using (Amersham or Pharmacia) cDNA synthesis Idts, according 
to the manufacturers instructions. cDNAs were ligated into EcdBI cleaved 
dephosphorylated lambda Zap I (Stratagene) ("sporogenesis" library) or lambda 
Zap n (Stratagene) ("microspore-development" library) and packaged using 
Amersham in vitro packaging extracts. Clones were screened differentially, on 
20 dupUcate HYBOND-N filters (Amersham) with [32p]-labeUed single-stranded 
cDNA probe prepared from either the appropriate anther poly(a)+ RNA or 
seedling poly(A)+ RNA according to Sargent Methods in Enzymol. 152 423-432 

(1987) ). (The expression HYBOND-N is a trade mark.) 

25 UNA dot and gel blots. Total RNA for dot-blots was spotted onto HYBOND N 
(Amersham) according to the manufacturers instructions. Northern gels were run 
and RNA transferred to HYBOND-N according to Foumey {BFL Focus 10 5-7 

(1988) ). Hybridisation and washing of HYBOND-N filters was according to 
manufacturers instructions. 
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In situ hybridisation. For embedding and sectioning B. napus buds were firozen 
in CRYO-M-BED (TAAB Laboratories Equipment Ltd). (The egression CRYO 
M-BED is a trade mark.) Sections were cut nominally 10 ^m thick, mounted on 
subbed slides (Van Prooijen-Knegt et al., Histochemical J. 14 333-344 (1983)) 
5 fixed in 4% paraformaldehyde and dehydrated. [^^SJrUTP (> 1000 CS/mmol, 
Amersham SJ.1303) labelled sense and anti-sense RNA probes were transcribed 
from the T3 and T7 promoters of BLUESCRIPT SK" (Stratagene), in which the 
cDNAs are cloned. (The expression BLUESCRIPT SK" is a trade mark.) 
Following transcription, probes were cleaved by alkaline hydrolysis to generate 

10 probe fragments approximately 150bp in lengtii. The hybridisation solution was 
50% formamide, 300mM NaCl, IGmM Na2HP04 pH 6.8, lOmM Tris-HCl pH 
7.5, 5mM EDTA, 0.02% bovine serum albumin, 0.02% Ficoll, 0.02% 
polyvinylpyrrolidone, lOmM dithiothreitol, 10% dextran sulphate, 0.7mg/ml£.co// 
tRNA, 50-lOOng/ml probe stock (6.7x10^ cpm/ng probe). Sections were 

15 hybridised in 30 itl hybridisation solution at 50oC for 16h. Slides were washed 
3xlh at 50OC in 50% formamide, 300mM NaCl, lOmM Na2HP04 pH 6.8, lOmM 
Tris-HCl pH 7.5 and tiien rinsed in RNase A buffer to remove formamide. RNase 
A treatment, (150 /xg/ml RNase A in 500mM NaCl, lOmM Tris HCl pH 7.5), was 
carried out at 37oC for Ih. The slides were tiien washed twice in 2xSSC (0.3M 

20 NaCl, 0.03M Na citrate, pH 7.0) at 65oC for 30 min, dehydrated through graded 
alcohols and dried. For autoradiography, slides were dipped at 45oC in ILFORD 
K5 nuclear track emulsion (Ig/ml in 1:59 glycerol: water mix). (The expression 
ILFORD K5 is a trade mark.) Exposure time was between 2 and 14 days. 
Development was in KODAK D19. (The expression KODAK D19 is a trade 

25 mark.) Following development sections were stained witii metiiylene blue and 
made permanent. 
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a) Isolation and characterisation of the A. tfiaJiana A3 gene 

Northern hybridisation analysis using RNA extracted from B. rugfus anthers, 
poUen, carpels and seedlings indicated that A3 was only expressed in anthers of 
5 length 1.6-2.3mm with maximal expression between 1.8-2.3mm. Thus A3 
temporal expression spans the period in anther development when the 
microsporocytes are in meiotic division to early microspore interphase. In situ 
hybridisations suggest that in B. napus, A3 is expressed solely in the tapetum of 
the anther. The A3 cDNA is 347 bp in length and contains an open-reading frame 

10 (ORF) extending from position 1-329 bp (Fig 1) suggesting that tiiis done is not 
full-length. The estimated size of 5. napus A3 mRNA from Northern gel blots is 
about 500 bp, and again suggesting that tiiis clone is not full length. Tlie A3 cDNA 
was used to isolate homologous cDNA clones (E3 and E5) from tiie same B. napus 
library. E5 cDNA is 422 bp long and contains an ORF from position 1-333 

15 (Fig.2a). This cDNA is identical to A3 cDNA over flie region they overlap and 
extends tiie A3 sequence 5 bp 5' of the start of A3 and 69 bp 3' of tiie end of A3. 
The E3 cDNA is 398 bp in length witii an ORF extending from position 1-314 bp 
(Fig.2a). The E3 cDNA is 95% identical to the E5 cDNA at the nucleotide level 
and the putative ORF products are 9196 identical. The cloning of E5 which is 

20 homologous but not identical to A3 is evidence tiiat probes based on the sequence 
of tiie antiier-spedfic gene A3 would enable tiie cloning of homologous antiier- 
spedfic genes. 

A 15 kb .4. thaliam genomic clone (G3.6) was isolated tiiat hybridises to A3 
25 cDNA (Fig.3). The 2300 bp Hi/um-Hindn. region which hybridised strongly witii 
tiie A3 probe, was subcloned from G3.6 and partiaUy sequenced (Fig.4) revealing 
an ORF (positions 770-1126) that is highly homologous to tiie B. napus 'E5 cDNA 
(82% at tiie nucleotide level and 76% at tiie protein level) (Fig.2a,b). The A. 
thaliana A3 gene does not apparentiy contain introns. The putative protein encoded 
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by A3 consists of 118 amino-acids with a molecular mass of 12.9 kDa. A search 
of the NBRF protein database (release 34) did not reveal any piotdns homologous 
to the putative A3 protein. There is a TATA box consensus sequence (Joshi, 1987) 
between positions 699-707 bp, 63 bp upstream of the putative start of the A3 
5 coding region. 

b) Isolation and characterisation of the A9 gene 

Northern analysis and in situ hybridisations indicate that the B. mpus A9 gene is 
10 expressed in the t^tal cells of anthers of length 1.5-2.3mm, with maximal 
expression between 2.0-2.3mm. Expression of A9 is initiated in anthers that 
contain meiocytes and continues into anthers that contain microspores in early first 
interphase. The A9 cDNA is 490 bp in length containing an ORF from position 1- 
296 bp (Fig.5). From Northern gel blots, the estimated size of the A9 mRNA in 
15 B. rupus is about 550-600 bp. The abundance of the A9 mRNA was estimated at 
betwera 0.1 - 0.2 % of total anther polyA+ mRNA. 

A 13 Kb /I. thaliana genomic clone (G9.1) was isolated that hybridised to the A9 
cDNA (Fig.6) and a 3145 bp Xbal fragment cloned and partially sequenced 

20 (Fig.7). This fragment contains an ORF at position 1461-1781 that is 76% 
identical to the A9 cDNA ORF at the nucleotide level (Fig.8a) and the putative 
products of these ORFs are 73% identical (Fig.Sb). Comparison of the cDNA and 
genomic sequences suggests that the ORF in the cDNA starts at position 9 bp 
(Fig.5) and that the A9 gene contains no introns. 70 bp upstream of the putative 

25 start of the A9 gene (positions 1382-1389 bp) is a TATA box conforming to the 
consensus sequence of Joshi (1987). The putative ORF encoded by the B. napus 
cDNA is 96 amino-acids in lengtii with a calculated molecular mass of 10.3 kDa 
and tiiat of tiie A. thaliana gene 107 amino-acids witii a mass of 11.6 kDa. 
Although no overall homology was found to tiie putative A9 proteins by searching 
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the NBRF protein database the A9 protein contains a cysteine motif that is present 
in several 2S plant storage proteins and in some plant protease inhibitc»s. 

f Xfltn pte 2 The use of the AQ and A3 pmmnters to drive the exnression of B- 
5 pliiciironidase in anthers of Arahidnnsis thnliana and Nicotiana tabacum. 

To demonstrate that the putative promoter regions of A3 and A9 are c^Mble of 
driving the e3q)ression of a foreign gene in A. thaliam and N. tabacum, 
transcriptional fiisions of the promoters were made to the Escherichia cott gene 
10 encoding /S-glucuronidase (GUS). 

a) A3 -GUS fusion (Fig.9) 

The 1030 bp flzncH fragment of G3.6 is subcloned between into the HincU site 
15 . of the vector pTZ18 (Pharmacia Ltd.) forming pRS5 (Fig.9). This is cut with Sstl 
and the fragment cloned into Sstl-ait pIC19H (Marsh et al.. Gene 32 481-485 
(1984)) forming pWP87. The A3 promoter is then recovered as a Hindm-Nrul 
fragment from pWP87 and cloned into ffindm, Smal-c\it pBIlOl.l (Jefferson et 
al., EMBO J 6 3901 (1987)). The resultant plasmid (pWP92) (Fig.9) contains 745 
20 bp of A3 sequence upstream of the Sstl site Qwsition 745 bp in Fig.4) fused to 
GUS. 

b) A9-GUS fusions (Fig. 10) 

25 The 329 bp HincU-Rsal fragment (positions 1105-1434 bp in Fig.7) was cloned 
into ffi/icII-cutpTZ18 forming pWP70A. DNA sequence analysis revealed the loss 
of a 'G' residue at the Rsal, HmcII junction which resulted in the recreation of 
the Rsal site. The Hindm, Bamm fragment of pWP7pA containing the A9 
promoter was cloned into BamHI, HindUl-cut pBluescript (Stratagene) forming 
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pWP71. To reconstruct plasmids with larger A9 upstream regions the EcoBl, 
Hindm fragment of pWP71 was replaced with the 900 bp flindin, EcoBI fragment 
of pWP64 (Fig.6) (which contains a 1486 bp Accl, Bgltt. fragment cloned into 
i4ccl, flamffl-cut pTZ19) forming pWP72. Also the EcdBI, flindlE fragment of 
5 pWP71 was replaced with the 1397 bp Hindm, EcoBl fiagment of pWP55 (Fig.6) 
(which contains a 3146 bp Xbal fragment cloned into XZuzI-cut pTZ19) forming 
pWP73. Hie Hindm, Xbdl fragments of pWP71, pWP72 and pWP73 were cloned 
into Hindm, X&al-cut pBIlOl. 1 forming pWP74, pWP75 and pWP76 respectively. 
Thus pWP74 contains a 329 bp A9 promoter fragment (positions 1108 - 1437 bp), 
10 pWP75 a 936 bp A9 fragment (positions 501-1437 bp) and pWP76 a 1437 bp A9 
fragment (positions 1-1437 bp) all fused to GUS. 

All the GUS constructs are then transformed into N. tabacum andi4. thaliana using 
standard transformation techniques. Analysis of transformed plants demonstrated 

15 that GUS activity was localised to anther tissues, specifically to tapetal cells. The 
temporal regulation of GUS activity was identical to the temporal expression 
observed for the A3 and A9 genes as described in Example 1. Figure 11 shows 
the activity of the A9-GUS fusions in the anthers of transgenic tobacco plants. 
GUS activity was assayed fluorometrically in the anthers staged precisdy in terms 

20 of the development of the sporogenous cells. The pattern of expression of GUS 
was the same (quantitatively and qualitatively) irrespective of the length of 
upstream region employed in the fusion. These experiments clearly demonstrate 
that the A9 promoter drives transcription in tapetal cells through a period 
commencing at the meiocyte stage of development and terminating during early 

25 microspore interphase. 
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y^ nrrf'- ^ Th« cons T TiT t^"" "f ernressinn cassettes anfl Ttipir iiffg ip preduc i n s 

and anti-sm V PNA to ant hf r-T«^'fig "less^tPPS in transgenic PlMtS. 

Hther anther-specific or constitutive promoters can be used to drive the expression 
5 of sense or anti-sense RNA corresponding to anther-specific transcripts in 
transgenic plants, thus potentiaUy creating anther mutations and male-sterility. 
n,e same anther-specific promoters can be used to drive the anther-spedfic 
expression of genes encoding proteins or enzymes detrimental to anther function 
thereby creating male-steriUty . The use of the expression cassettes, the construction 
10 of which is described in this example, for this appUcation are described in 
Examples 4 and 5. 

a) Construction of an intermediate vector to express sense and anti-sense RNA 
utilising the A9 promoter. 

pWP72 (Fig. 10) is digested with Xbal and reUgated, thus removing theBomHI site 
in the polylinker, forming pWP78 (Fig.l2). The Kpnl, SstI (the SstI end rendered 
blunt with Klenow) A9 promoter fragment of pWP78 is Ugated into Kpril, Smal-cat 
pjrreo forming pWP80 (Fig.l2). pjrr60 is identical to pJIT30 (Guerineau et al., 
20 Plant Mol. Biol 15, 127-136 (1990)) except that the CaMV 35S promoter is 
replaced by a double CaMV 35S promoter (Guerineau et al., Nuc. Adds Res. 16 
(23) 11380 (1988)). The pWP80 intermediate vector consists of a 936 bp A9 
promoter fragment fused to a polyUnker derived from pBluescript with a 35S 
CaMV polyadenylation signal to stabilise the transcript. 



15 
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b) Constiuction of an intermediate vector to express sense and anti-sense SNA 
utilising the A3 promoter. 

The CaMV promoter of pJIT60 is replaced with the A3 promoter by cloning the 
5 745 bp IQ>nl, Hindm fragment of pWP87 (Fig.9) into AJ»nI, Himffll-cut pJireO 
forming pWP88 (Fig. 12). pWP80 and pWP88 are therefore identical apart from 
the promoter region and surrounding restriction enzyme sites. 

c) Construction of chimeric genes containing the tapetum-specific A9 promoter 
10 linked to the sense or anti-sense orientation of the A9 cDNA. 

Anther-specific B. napus cDNAs were cloned into EcdRl-axt Lambda ZapU by the 
addition of EcdSI linkers (Pharmacia Ltd) to the ends of the cDNA. These linkers 
also contain internal Notl sites, so the entire cDNA can be recovered as a Notl 

15 fragment provided the cDNA contains no internal Notl sites. The B. napus cDNA 
for A9 is therefore recovered as a Notl fragment and cloned in both orientations 
(sense and anti-sense) into Notl-cut pWP80. The promoter, cDNA and terminator 
regions are excised from the pWPSO derivatives with a HindUI, Xhol digest and 
are cloned into SaR, ffmdm-cut pBinl9 (Bevan et d., Nuc. Adds Res. 22 

20 8711-8721 (1984)). 

The pBinl9 derivatives are transformed into B. napus. The resulting transgenic 
plants expressing anti-sense A9 RNA are male sterile. 

25 Other chimeric genes that can be constructed to produce male sterility are:- 

i) A9 promoter linked to the coding region of the A. thaliana A9 gene, such that 
anu-sense A9 RNA is expressed; 
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u) A3 prom ter driving expression of anti-sense A9, either from the A9 cDNA or 
from the A. thcdiana A9 gene; 

iii) A9 promoter expressing anti-sense RNA to A3, using ather the A3 cDNA or 
5 theA thdiana A3 gene; 

iv) A3 promoter expi^sing anti-sense RNA to A3, using dther the A3 cDNA or 
the^. thdliana A3 gene. 

.0 These plasmids could also be transformed into other members of the Brassicaceae 
causing male sterility in the transgenic plants. 



fyam plP. 4 rnnstnirrinn of chimer ^ r A^-hamase and A9-hama» PCTSS and thW 
15 PTpression in fransgenic plants. 

To demonstrate the utility of the A3 and A9 promoters they are used to drive the 
expression of the RNase, bamase. in tapetal ceUs. Use of the bamase gene to 
create male sterile plants has been described in EP-A-0344029 (Plant Genetic 
20 Systems) and has been published by Mariani et d. . Nature 347, 737-741. 

The oligonucleotide primers :- 

5' GGGTCTAGACCATGGCACAGGTTATCAACACGTTTGACGG 3' and 
25 5' GTAAAACGACGGCCAGTGCC 3' 

are used in a polymerase chain reaction (PCR) to generate a fragment encoding 
barstar and the mature bamase product from the plasmid pTG2 (Horovitz et al., 
J. Mol. Biol. 216, 1031-1044 (1990)). Hie first primer is homologous to 



wo 92/11379 



29 



PCr/GB91/02317 



nucleotides 95-221 bp of Figure 1 in Hartley R.W. /. Mol Biol 202. 913-915 
(1988). The second primer is homologous to a sequence immediately next to the 
Hindm site of pTZlSU (Pharmacia). Barstar is retained on this fragment since 
active bamase cannot be cloned in the absence of the specific inhibitor barstar 
5 (only bamase is expressed in the transgenic plants). The PGR fragment is digested 
with Xbal, Hindm and cloned into Xbdl, flindm-cut pBluescript forming pWP120 
(Fig. 13a). 

a) Transcriptional fusion of the A9 promoter to bamase 

10 

pWP120 is digested with Xbal, HincU and the bamase/barstar fragment cloned into 
Xbal-Smal cut pWP91 forming pWP127 in which the A9 promoter is 
transcriptionally fused to the mature bamase sequence (Fig. 13b) (pWP91 is 
identical to pWP80 except that the polylinker region between Xbal and EcoKL has 
15 been replaced with the sites Spel, Bamm, SmdL and ft/I). Tliis gene fusion is 
transferred to pBinl9 by ligating the Xhol fragment-of pWP127 to 5a/I-cutpBinl9. 



b) Translational fusion of the A9 promoter and gene to bamase 

20 

The primers 

5' GGGTCTAGACCATGGTAATTAGATACTATATTGTTTGTAC 3' and 

25 5' AATACGACTCACTATAGG 3' 

are used in a PGR reaction to generate an A9 promoter fragment from pWP64 
(Fig. 6) that contains the entire 5' untranslated region of the A9 gene and has the 
sequence around the initiating methionine of the A9 gene mutated to an Ncol site 
30 (the second primer is homologous to a sequence within the pTZ19U vector). This 
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15 



30 

ftagment is cut with fl/ndm, Xbal and cloned into pWP80 or pWP91 rq)lacing the 
existing A9 promoter ftagments in these intermediate vectors. The new 
intermediate vectors are pWP112 and pWP113 respectively. 

pWP120 is cut with Ncol, HincO. and the bamase/baistar fragment cloned into 
Ncol, SmdM pWPllB forming pWP128 (Fig. 13b). Hie chimeric gene is then 
cloned as an Xhol fragment into the SdH. site of pBinl9. 

c) Transcriptional fusion of the A3 promoter to bamase 

The A9 promoter of pWP127 is replaced with the A3 promoter by cutting pWP127 
with San., Xbal and cloning in the SaR, Xbal A3 promoter fragment of pWP88 
forming pWP131 (Fig. 13b). The chimeric gene is transferred as a Xpni, Xhol 
fragment into ^tH, SaR-caX. pBinl9. 



The pBinl9 derivative plasmids are transformed into M tabacum where expression 
of bamase in transgenic plants results in the degradation of the tapetal ceUs of the 
anther causing complete male steriUty. The plants are female fertUe. Hius both the 
A3 and A9 promoters are tapetum-specific and are suitable for driving the 
20 expression of any cytotoxic agent within t^tal cells leading to the production of 
malesterile, but otherwise phenotypically normal transgenic plants. TTieseplasmids 
could also be transformed into other crop species such as B. napus, Zea mays and 
Hordeum vulgare leading to male sterility in the transgenic plants. 



25 
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f vamnli. ronstnirrinn and e x pn'^'iinn in transgenic OlailtS Of Chimeric BCTg 
fii^nns between the ""'^ nromnters and a g-1.3 PlucaiHSg gCnC . 

The temporal pattern of expression of the A3 and A9 genes determined ficom 
5 Northern analysis (Example 1) and promoter-GUS fusions (Example 2) show that 
both promoters are active at stages of anther development prior to the release of 
microspores from tetrads. Thus either promoter is suitable for driving the 
premature expression of /S-1,3 glucanase in anthers leading to male sterility, as 
previously discussed. 

10 

cDNAs encoding an N. tabacum basic i8-l,3 glucanase has been described by 
Shinshi et al. (PNAS 85 5541-5545 (1988)) and Neale et al. (Plam Cell 2 673-684 
(1990)). This enzyme is located in the vacuole and it has been suggested that a C- 
terminal sequence may be responsible for its intracellular location (Van den Bulcke 
15 et al., PNAS 86 2673-2677 (1989)). An engineered cDNA for this glucanase is 
cloned by using two oligonucleotides complementary to the sequence of an N. 
tabacum glucanase (Shinshi et al, 1988, Neale et al., 1990) and using the 
polymerase chain reaction to isolate a glucanase cDNA from N. tabacum mRNA. 
The first oligonucleotide has sequence :- 

20 

5' CGCTCTAGACCATGGCTGCTATCACACrCCTAGG 3' 

This primer contains an Xbal and an Ncol site followed by a sequence identical to 
a 5' region of glucanase (positions 7-29 in Shinshi et al., 1989). The second 
25 oligonucleotide has sequence: - 

5' GGGCCGCGGTCACCCAAAGTTGATATTATATTTGGGC 3' 
This primer has a Sacll site followed by a trinucleotide that is a stop codon and 
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a sequence complementary to the region that encodes the C-teraiinus of the mature 
glucanase (positions 1017-993 in Shinshi et al.. 1988). Hie glucanase is therefore 
cloned with restriction enzyme sites at both ends for Ugation into the intermediate 
vectors pWP80 and pWP88. Also the enzyme is been engineered so that the C- 
5 terminal targeting signal is removed. The enzyme will therefore be secreted rather 
than be directed to the vacuole when expressed in transgenic plants. The 
glucanase gene is cloned as an Xbal, SacU fragment into JCbal, SacH-oA pWPSO 
forming a transcriptional fusion between the A9 promoter and glucanase forming 
pDWSOPR. An A3-glucanase transcriptional fusion is constructed by rephdng the 

10 SaK, Xba A9 promoter region of pDWSOPR with the SaR, Xbal A3 promoter 
fragment of pWP88 forming and pDW88PR (Fig.l4a). A translational fusion of 
the A9 promoter and gene to the glucanase is made by cloning the glucanase as 
an Ncol, SacU. into Ncol, SacH-cut pWP112 forming pDW112PR (Fig. 14b). The 
chimeric genes in pDW80PR and pDW112PR are transferred as Sacl, EcoKV 

15 fragments into Sacl, Smal-cut pBinl9 and the chimeric gene in pDW88PR 
transferred as a SaR, EcoRY fragment into SalL.^mal'Cat pBinl9. The pBinl9 
derivatives arc transformed into N. tabacwn. Callose surrounding the 
microsporocytes prematurely disappears in the transgenic plants causing male 
sterility. These plasmids could also be transformed into other crop spedes such as 

20 B. Tuq>us, Zea mays and Hordeum vulgare leading to male steriUty in the 
transgenic plants. 
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CLAIMS 

1. Recombinant or isolated DNA comprising a promoter which naturally 
drives expression of a gene encoding an 11.6 or 12,9 kDa ta^tum protein in 

5 Arabidopsis thaliana or an equivalent protein in another member of the femily 
Brassicaceae. 

2. DNA as claimed in claim 1 comprising a promoter which drives «q>ression 
of a 10.3 kDa tapetum protein in Brassica napus, which is equivalent to the 11.6 

10 kDa tapetum protein of A. thaliana. 

3. DNA as claimed in claim 1 , including the promoter 5' to the coding region 
of the sequence shown in Figure 4. 

15 4. DNA as claimed in claim 1 , including the promoter 5' to the coding region 
of the sequence shown in Figure 7. 

5. DNA as claimed in any one of claims 1 to 4, wherein the promoter is 
operatively linked to DNA which, when expressed, causes male sterility in a plant. 

20 

6. DNA as claimed in claim 5, wherein the male sterility DNA encodes a lytic 
enzyme. 

7. DNA as claimed in claim 6, wherein the lytic enzyme causes lysis of 
25 nucleic acid, protein, carbohydrate or lipid. 

8. DNA as claimed in claim 7, wherein the lytic enzyme is a ribonuclease or 
a deoxyribonuclease. 
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9. DNA as claimed in claim 6, wherein the lytic enzyme causes lysis of a 
caibohydrate. 



10. 



DNA as claimed in claim 9 wherein the lytic enzyme is glucanase. 



11. DNA as claimed in claim 10 including a signal sequence in a tianslational 
fusion with the glucanase coding sequence. 

12. DNA as claimed in claim 6, wherein the lytic enzyme causes lysis of a 
10 protein. 

13. DNA as claimed in claim 12. wherein the proteolytic enzyme is actinidin 
or papain. 



14. DNA as claimed in claim 5, wherein the male sterility DNA codes for RNA 
which is antisense to RNA normally found in a plant tapetum ceU. 



15. DNA as claimed in claim 14, wherein the male sterility DNA codes for 
RNA which is antisense to RNA encoding the 11.6 or 12.9 kDa tapetum protein 

20 in Arabidopsis thaliana or an equivalent protein in another member of the family 
Brassicaceae. 

16. Antisense nucleic acid which includes a transcribable strand of DNA 
complementary to at least part of the strand of DNA that is naturaUy transcribed 

25 • in a gene encoding an 11.6 or 12.9 kDa tapetum protein in Arabidopsis Oialiam 
or an equivalent protein in another member of the family Brassicaceae. 

17. Antisense nucleic acid as claimed in claim 16 wherein transcription is under 
the control of a constitutive promoter. 
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18. Antisense nucleic acid as claimed in claim 16 wherein transcription is under 
the control f a tapetum-specific promoter. 

19. DNA as claimed in claim 5, wherein the male sterility DNA codes for RNA 
5 which is capable of cleavage of RNA normally found in a plant tapetum cell. 

20. DNA as claimed in claim 19, wherdn the male sterility DNA codes for 
RNA which is capable of cleavage of RNA encoding the 1 1 .6 or 12.9 kDa tapetum 
protein in Arabidopsis thaliana or an equivalent protein in another member of the 

10 family Brassicaceae. 

21. DNA encoding a ribozyme capable of specific cleavage of RNA encoded 
by a gene encoding an 11.6 or 12.9 kDa tapetum protein in Arabidopsis thaliana 
or an equivalent protein in another member of the family Brassicaceae. Such 

15 ribozyme-encoding DNA would generally be useful in conferring male sterility on 
members of the family Brassicaceae. 

22. Ribozyme-encoding DNA as claimed in claim 21 wherein transcription is 
under the control of a constitutive promoter. 

20 

23. Ribozyme-encoding DNA as claimed m claim 21 wherein transcription is 
under the control of a tapetum-specific promoter. 

24. DNA capable of specifically disrupting the proper expression of a gene 
25 encoding the 11.6 or 12,9 kDa tapetum protein in Arabidopsis thaliana or an 

equivalent protein in another member of the family Brassicaceae, 



25. DNA as claimed in any one of claims 1 to 24 comprising a 3' transcription 
regulation sequence. 
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26. DNA as claimed in claim 25. wherein the 3' transcription regulation signals 
are derived from the Cauliflower Mosaic Virus 35S gene. 

27. DNA as claimed in any one of claims 1 to 26 which is recombinant and 
which in the form of a vector. 

28. DNA as claimed in claim 27, wherein the vector is a cloning vector and 
comprises one or more selectable markers. 

29. A microbial host cell tiansfected or transformed with a vector as claimed 
in claim 27 or 28. 



30. DNA as claimed in any one of claims 1 to 28, which includes a marker 
sequence which enables a plant transformed with the DNA to be distinguished 

15 from plants not so transformed. 

31. DNA as claimed in claim 30, wherein the marker sequence confers 
antibiotic or herbicide resistance or codes for glucuronidase. 



32. DNA as claimed in claim 31, wherein the marker sequence is under the 
control of a second promoter, which is not tapetum-specific. 

33. DNA as claimed in claim 32, wherein the second promoter is derived from 
the CauUflower Mosaic Virus (CaMV) 35S gene. 

34. A plant ceU including DNA as claimed in any one of claims 1 to 28 and 30 
to 33. 
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35. A plant or part of a plant at least some of whose cdls are as claimed in 
claim 34. 

36. Propagating mateiial from a plant as claimed in daim 35. 
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